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(54) LIQUID CRYSTAL DISPLAY DEVICE 
(57)Abstract: 

PURPOSE: To obtain excellent relation among a phase difference plate, a 
liquid crystal panel and a polarizing plate so as to obtain visual angle 
characteristics capable of improving the reversal of a display. 
CONSTITUTION: The liquid crystal display device consists of the liquid 
crystal panel 14 constituting by enclosing a liquid crystal 13 between a 
couple of substrates 11 and 12, the phase difference plate 17 which is 
arranged on at least one side of the liquid crystal panel 14, and a couple 
of polarizing plates 15 and 16 for which the liquid crystal panel 14 and 
phase difference plate 1 7 are held therebetween and the transmission 
axes of polarized light are vertical; and the orientation processing 
direction of the substrate 1 2 which is close to the phase difference plate 
17 is in parallel with the phase delay axis of the phase difference plate 17 
and the phase delay axis of the phase difference plate 1 7 is in parallel with 
the transmission axis of the polarizing plate 16 which is close to the phase 
difference plate 1 7. Then nx>ny=nz is satisfied and (nx-ny) x d is 200- 
500nm, where (d) is cell thickness and nx, ny, and nz are the refractive 
indexes of the phase difference plate 1 7 in an (x)-axial, a (y)-axial, and a 
(z)-axial direction. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal panel which comes to enclose liquid crystal (13) between the substrates (11 12) of a 
couple (14) The phase contrast board of this liquid crystal panel arranged at least at one side (17) This liquid crystal 
panel and this phase contrast board are inserted, and it is the polarizing plate (15 16) of a couple with the perpendicular 
transparency shaft of polarization. Are the liquid crystal display equipped with the above, and the orientation 
processing direction of a near substrate (12) and the lagging axis of this phase contrast board (17) close to this phase 
contrast board (17) are parallel. And when the lagging axis of this phase contrast board (17) and the transparency shaft 
of the polarizing plate (16) close to this phase contrast board are parallel and cell ** sets to nx, ny, and nz, respectively, 
the refractive index of the x axis of d and this phase contrast board, the y-axis, and z shaft orientations It is 
characterized by for there being a relation of nx>ny=nz and (nx-ny) the value of xd being in the range of 200 to 500nm. 

[Claim 2] The liquid crystal panel which comes to enclose liquid crystal (13) between the substrates (11 12) of a 
couple (14) The phase contrast board of this liquid crystal panel arranged at least at one side (18) This liquid crystal 
panel and this phase contrast board are inserted, and it is the polarizing plate (15 16) of a couple with the perpendicular 
transparency shaft of polarization. Are the liquid crystal display equipped with the above, and the orientation 
processing direction of a near substrate (12) and the lagging axis of this phase contrast board (18) close to this phase 
contrast board (18) are perpendicular. And when the lagging axis of this phase contrast board (18) and the transparency 
shaft of the polarizing plate (16) close to this phase contrast board are parallel and cell ** sets to nx, ny, and nz, 
respectively, the refractive index of the x axis of d and this phase contrast board, the y-axis, and z shaft orientations It 
is characterized by there being nz= (nx+ny)/2 and a relation of nx>nz>ny. 

[Claim 3] (nx-ny) The liquid crystal display according to claim 2 characterized by the value of xd being in the range of 
200to500nm. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the liquid crystal display suitable for using it for example, for 

projected type display etc. 

[0002] 

[Description of the Prior Art] As shown in dr awi ng 3 , a liquid crystal display consists of a liquid crystal panel 4 which 
comes to enclose liquid crystal 3 among the transparent substrates 1 and 2 which a couple counters, and provides 
polarizing plates 5 and 6 in the outside of these substrates 1 and 2. The orientation film and the transparent electrode 
are prepared in these substrates 1 and 2. As for liquid crystal 3, twist nematic type liquid crystal is often used. As 
shown by the arrow of a solid line, and the arrow of a dashed line, rubbing of the orientation film of the substrates 1 
and 2 of a couple is mutually carried out in the perpendicular direction, and orientation of the liquid crystal molecule is 
carried out according to the direction of rubbing, and it is spirally twisted as it goes to the substrate 2 of another side 
through the pars intermedia of a liquid crystal layer from one substrate 1. Polarizing plates 5 and 6 are arranged so that 
it may have the perpendicular transparency shaft of each other. 

[0003] When not impressing voltage to liquid crystal 3, it progresses, while an incident light circles along with the 
twist of liquid crystal 3, and a white display is obtained. If voltage is impressed, a liquid crystal molecule starts, 
****** will become that a birefringence operation of liquid crystal 3 does not have less, and a black display will come 
to be obtained. Thus, the picture which has the contrast of light and darkness on the whole is formed, controlling the 
applied voltage to liquid crystal 3. 

[0004] It is known for such a liquid crystal display that there is a viewing-angle property that a display performance 
changes with the directions which a view ** person looks at. By drawin g 3 , the view ** person shows aslant the case 
where a screen is seen from above, the left, down, and the right, to the direction of a normal of the polarizing plate 6 by 
the side of optical outgoing radiation. In the case of rubbing of drawing 3 , the direction of orientation of the liquid 
crystal molecule located in the pars intermedia of substrates 1 and 2 is perpendicular to space, and the edge of the near 
side of this liquid crystal molecule is carrying out the pre tilt. In this case, changing sharply the viewing-angle property 
seen from above and down is known. 

[0005] Drawin g 4 is drawing having shown the viewing-angle property seen from down [ of drawing 3 / the direction 
of a normal, above, and down ] by the relation of voltage - permeability. In drawing 4 , the inside of a curvilinear 
display, a top, and the bottom are the properties seen from the direction of a normal, above, and down, respectively. To 
normal directive property, an above property has the high permeability of light and looks whitish. To normal directive 
property, a down property has the low permeability of light and looks blackish. However, all that matters more is that a 
wen K is in a down property and the reversal of a display arises. 

[0006] In order to improve the viewing-angle property which the reversal of such a display produces, inserting a phase 
contrast board (phase contrast film) between a liquid crystal panel and one polarizing plate is proposed (for example, 
references, such as a Pro visional -Publication-No. 55-No. 000600 official report and a Provisional-Publication-No. 56- 
No. 097318 official report). 
[0007] 

[Problem(s) to be Solved by the Invention] However, when what phase contrast board (phase contrast film) was 
inserted between the liquid crystal panel of what relation, and the polarizing plate, it was not clear whether it is the 
most effective. The purpose of this invention is offering the liquid crystal display which had a good relation between a 
phase contrast board, a liquid crystal panel, and a polarizing plate, in order to acquire the viewing-angle property that 
the reversal of a display is improvable. 
[0008] 



Page 2 of 3 



[Means for Solving the Problem] The liquid crystal panel 14 with which the liquid crystal display by this invention 
c$>mes to enclose liquid crystal 13 among the substrates 1 1 and 12 of a couple, The phase contrast board 17 arranged at 
least at one side, and this liquid crystal panel and this phase contrast board of this liquid crystal panel are inserted. It is 
the liquid crystal display with which the transparency shaft of polarization consists of polarizing plates 15 and 16 of a 
perpendicular couple. The orientation processing direction of the near substrate 12 and the lagging axis of this phase 
contrast board 17 close to this phase contrast board 17 are parallel, and the lagging axis of this phase contrast board 17 
and the transparency shaft of the polarizing plate 16 close to this phase contrast board are parallel. When the refractive 
index of the x axis of d and this phase contrast board, the y-axis, and z shaft orientations sets [ cell ** ] to nx, ny, and 
nz, respectively, it is characterized by for there being a relation of nx>ny=nz and (nx-ny) the value of xd being in the 
range of 200 to 500nm. 

[0009] In another composition, moreover, the liquid crystal display by this invention The liquid crystal panel 14 which 
comes to enclose liquid crystal 13 among the substrates 1 1 and 12 of a couple, The phase contrast board 1 8 arranged at 
least at one side, and this liquid crystal panel and this phase contrast board of this liquid crystal panel are inserted. It is 
the liquid crystal display with which the transparency shaft of polarization consists of polarizing plates 15 and 16 of a 
perpendicular couple. The orientation processing direction of the near substrate 12 and the lagging axis of this phase 
contrast board 1 8 close to this phase contrast board 1 8 are perpendicular, and the lagging axis of this phase contrast 
board 1 8 and the transparency shaft of the polarizing plate 16 close to this phase contrast board are parallel. When the 
refractive index of the x axis of d and this phase contrast board, the y-axis, and z shaft orientations sets [ cell ** ] to nx, 
ny, and nz, respectively, it is characterized by there being nz= (nx+ny)/2 and a relation of nx>nz>ny. 
[0010] 

[Function] The phase contrast boards 1 7 and 1 8 have the duty which raises a viewing-angle property. When the light 
which penetrated the phase contrast boards 1 7 and 1 8 aslant is seen, the refractive index of a Z direction came to be 
involved in a birefringence, and it turns out [ above-mentioned ] that the reversal of a display can be most effectively 
improved in two composition. Therefore, the reversal of the display is suppressed with a phase contrast board, and a 
good display is obtained. 
[0011] 

[Example] Drawing 1 is drawing showing the 1st example of this invention. This liquid crystal display contains the 
liquid crystal panel 14 which comes to enclose liquid crystal 13 among the transparent substrates 1 1 and 12 which a 
couple counters. Liquid crystal 13 is twist nematic type liquid crystal. . The orientation film and the transparent 
electrode (not shown) are prepared in the inside of substrates 1 1 and 12. the orientation film of the lower substrate 1 1 is 
shown by the arrow 21 of a solid line ~ as — orientation processing — that is, rubbing has been carried out the 
orientation film of the upper substrate 12 is shown by the arrow 22 of a solid line - as orientation processing — that 
is, rubbing has been carried out Although orientation of the liquid crystal molecule is carried out according to the 
direction of rubbing, when it sees from down as shown in drawing 4 since this orientation processing was the same as 
the case of drawing 3 , there is an inclination which reversal of the display by the wen K produces. 
[0012] Polarizing plates 15 and 16 are arranged on both sides of a liquid crystal panel 14. These polarizing plates 15 
and 16 are arranged so that it may have the perpendicular transparency shaft of each other. That is, the lower polarizing 
plate 1 5 has the transparency shaft 25, and the upper polarizing plate 1 6 has the transparency shaft 26. Furthermore, the 
phase contrast board 17 is inserted between the liquid crystal panel 14 and the upper polarizing plate 16. The phase 
contrast board 17 comes to extend the film of synthetic resin preferably, and has a lagging axis 27 in the extension 
direction. 

[0013] In dr awi ng 1 (A), it is parallel to the lagging axis 27 of this phase contrast board 17, the orientation processing 
direction 22 of rubbing, i.e., direction, of a substrate 12 of the side close to the phase contrast board 17. Furthermore, 
the lagging axis 27 of the phase contrast board 17 is parallel to the transparency shaft 26 of the polarizing plate 16 
close to this phase contrast board 17. 

[0014] The feature of this phase contrast board 17 is shown in drawingj. (B). The refractive indexes of a x axis, the y- 
axis, and z shaft orientations of this phase contrast board 17 are nx, ny, and nz, respectively. A lagging axis 27 is in 
agreement with the direction of a x axis. This phase contrast board 17 has the relation of nx>ny=nz. Furthermore, when 
cell ** (thickness of a liquid crystal phase) sets to d, this phase contrast board 17 has the value of x(nx-ny) d in the 
range of 200 to 500nm. 

[0015] Drawing 5 is drawing showing the result which changed variously the arrangement relation of the direction 22 
of rubbing of the orientation film of a substrate 12, the lagging axis 27 of the phase contrast board 17, and the 
transparency shaft 26 of a polarizing plate 16, and tested it. Drawing 5 (A) shows the viewing-angle property of the 
direction of a normal in the composition of drawing 1 (A), and a down viewing-angle property, when the direction 22 
of rubbing and a lagging axis 27 are made parallel and a lagging axis 27 and the transparency shaft 26 are made 
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parallel. In addition, although down [ which is said here ] is the viewing-angle direction which the wen K of drawing 4 
produces when there is no phase contrast board 17, and a wen K will appear in another viewing-angle direction if the 
orientation state of liquid crystal 1 3 changes, the viewing-angle direction where a wen K appears for simplification will 
be represented with down here. 

[0016] Drawing 5 (B) shows the case where made perpendicular the direction 22 of rubbing, and the lagging axis 27, 
and a lagging axis 27 and the transparency shaft 26 are made perpendicular. In this case, the direction 22 of rubbing 
and the transparency shaft 26 become parallel. Drawing.5 (C) shows the case where made parallel the direction 22 of 
rubbing, and the lagging axis 27, and a lagging axis 27 and the transparency shaft 26 are made perpendicular. In this 
case, the direction 22 of rubbing and the transparency shaft 26 become perpendicular. Drawing 5 (D) shows the case 
where made perpendicular the direction 22 of rubbing, and the lagging axis 27, and a lagging axis 27 and the 
transparency shaft 26 are made parallel. In this case, the direction 22 of rubbing and the transparency shaft 26 become 
perpendicular. 

[0017] If the phase contrast board 17 is formed as shown in (D) from (A) of drawing 5 , the wen K of the down 
viewing-angle property of drawing 4 can be made small. However, if (D) is compared from (A), although K carried in 
(A) and (D) is quite small, in (B) and (C), they are not (A) and (D). Then, it can be judged that the arrangement relation 
of the direction 22 of rubbing of the orientation film of a substrate 12, the lagging axis 27 of the phase contrast board 
1 7, and the transparency shaft 26 of a polarizing plate 16 has the effective thing of (A) and (D). 
[001 8] Then, it investigated whether it would be appropriate for the phase contrast board 1 7 to have what refractive 
index under the conditions which make parallel the direction 22 of rubbing, and a lagging axis 27 as shown in (A) of 
drawing 5 , and make parallel a lagging axis 27 and the transparency shaft 26. The result is shown in drawing„6 . In 
drawing 6 , the phase contrast board 17 in which the value of deltand=(nx-ny) xd has 136nm, 293nm, 348nm, 444nm, 
and 515nm is prepared, and the result which made this the above-mentioned arrangement and measured the 
transparency property is shown in (E) from (A), respectively, a wen K is comparatively alike with (A), it is large and 
the wen K is quite small by (D) from (B) and in (E), a wen K is comparatively alike and becomes large This result 
showed that it was desirable that the value of deltand=(nx-ny) xd is in the range of 200 to 500nm. 
[0019] Next, it investigated whether it would be appropriate for the phase contrast board 17 to have what refractive 
index under the conditions which made perpendicular the direction 22 of rubbing, and the lagging axis 27 like drawing 
5 (D), and made parallel the lagging axis 27 and the transparency shaft 26. Also in this case, the phase contrast board 
17 in which the value of deltand=(nx-ny) xd has 136nm, 293nm, 348nm, 444nm, and 515nm was used. Consequently, 
although it turns out that a wen K can be made small, since the viewing-angle property of a longitudinal direction got 
worse, it was judged that the composition of drawing 5 (A) was better than drawing 5 (D). 
[0020] Next, since it turned out that a wen K can be made small on the conditions which made perpendicular the 
direction 22 of rubbing, and the lagging axis 27 like drawing 5 (D), and made parallel the lagging axis 27 and the 
transparency shaft 26, the phase contrast board with another feature was examined. Drawin g 2 is drawing showing the 
2nd example of this invention. As for the view 2, the phase contrast board 18 is arranged instead of the phase contrast 
board 17 of draw i ng 1 . The outline composition of others of drawing„2 is the same as that of drawing JL . 
[0021] In drawing 2 (A), it is perpendicular to the lagging axis 28 of this phase contrast board 18, the orientation 
processing direction 22 of rubbing, i.e., direction, of a substrate 12 of the side close to the phase contrast board 18. 
Furthermore, the lagging axis 28 of the phase contrast board 18 is parallel to the transparency shaft 26 of the polarizing 
plate 16 close to this phase contrast board 1 8. The feature of this phase contrast board 1 8 is shown in drawing_2 (B). 
The refractive indexes of a x axis, the y-axis, and z shaft orientations of this phase contrast board 18 are nx, ny, and nz, 
respectively. A lagging axis 28 is in agreement with the direction of a x axis. This phase contrast board 18 has nz= 
(nx+ny)/2 and the relation of nx>nz>ny. This phase contrast board 18 is greatly extended in the direction of a x axis, 
and is small extended by y shaft orientations in it. 

[0022] In drawing 7 , the phase contrast board 18 in which the value of deltand=(nx-ny) xd has 355nm and 425nm is 
prepared, and the result which made this arrangement of drawing. 2 and measured the transparency property is shown in 
(A) and (B). (A) And in (B), the wen K is almost lost. This result showed that arrangement of drawing 2 was desirable. 
And when the value of deltand=(nx-ny) xd was in the range of 200 to 500nm, it turns out that it is very desirable. 
[0023] 

[Effect of the Invention] As explained above, according to this invention, the place which contributes to the 
improvement in a performance of a liquid crystal display which can realize a viewing-angle dependency, especially the 
good display by which reversal of a display was suppressed, and performs a gradation display is large. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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